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Abstract 
 
Recent research at a national and international level in the field of agrotechnics has as a main objective the 
optimization of soil functions and the preserve of soil and water resources by applying systems of conservative agriculture, 
securing the crop productivity under efficiency and efficacy conditions. The aim of the paper is to know the impact the 
soil tillage system and graduation of quantity of vegetal debris have upon the soil moisture and temperature as well as 
upon the production of maize and soybean crop. The research was made in the experimental field organized at the 
Agricultural Research and Development Station Turda (ARDS Turda). The experience was placed on a chernozem, during 
2015-2018, trifactor type. The rotation is soybean-wheat-maize, the results presented in the paper were obtained in the 
agricultural year 2015-2016, in the maize crop, and 2017-2018 in the soybean crop. The experimental factors established 
were: Factor A – Crop: a1 – soybean; a2 – wheat; a3 – maize; Factor B – Soil tillage system: b1 – conventional system: 
reverse plough + disk 2x + sowed + fertilized (witness); b2 – conservative system with minimum tillage: chisel + rotary 
harrow + sowed + fertilized; b3 – conservative system with direct sowing (sowed – fertilized – herbicides); Factor C – 
Vegetal debris: c1 – 60% (3 t/ha); c2 – 80% (4 t/ha); c3 – 100% (5 t/ha). The soil temperature was influenced a little by 
the soil tillage system, but the influence is significant in the case of vegetal debris. The moisture results show significant 
differences, ensured statistically in the case of direct sowing, as the quantity of vegetal debris increases. The soil moisture 
was higher when the crops were sowed and during the first phases of vegetation, then the differences decreased in time. 
Maize and soybean reacted better to soil loosening, mobilizing the soil fertility and mineralization of nutritive substances, 
ensuring a higher production in the conventional tillage system. The aim of applying conservative agricultural practices 
is to accumulate, preserve and value efficiently the water coming from rainfall in order to protect the soil and to avoid 
desertification. 
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1. Introduction 
 
Wheat, especially winter wheat is one of the 
main cereal crops cultivated on Earth. 
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Wheat, especially winter wheat is one of the 
main cereal crops cultivated on Earth. 
Winter wheat has a high nutrition importance 
the bread made from it insures basic food for half of 
Earth population, which is why the preoccupation for 
increasing grain yield and grain quality is a primary 
concern. Nitrogen is one of the most important 
nutrient affecting plant growth, development, yield 
and grain quality assurance.  
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There is not a direct correlation between yield 
and the stem length. Usually the aerial part is 
positively correlated with the root system, the taller 
genotypes have deep roots so they can give good 
yield even if the environmental conditions are not so 
great [3]. 
The culm length of winter wheat is within 70-
120 cm. The stem lodging resistance depends on 
genotype and is highly influenced by the 
environmental conditions. The genotypes with short 
stem have a better lodging resistance [4].  
Culm length is likely to be the major factor 
associated with lodging sensitivity. Shortening the 
stem through PGR applications reduces the risk of 
lodging. Reduction in plant height as a consequence 
of PGR treatment is associated with the reduced 
elongation of internodes. The uppermost internodes 
in particular are shortened [5]. 
Lodging is still a serious problem in spite of 
varieties with improved lodging resistance and the 
widespread use of PGRs. Lodging is often associated 
with very wet summer. Experience has led to 
‘common perceptions’ by growers and the industry, 
that various factors will either increase or decrease 
the risk of lodging.  
Generally, varieties with low standing power 
are considered more likely to lodge.  
Other factors such as early sowing, high seed 
rates, high residual nitrogen levels and high fertilizer 
nitrogen applications for winter wheat all increase 
lodging risk. Weather is one of the most important 
aspects affecting lodging. The lodging event tends to 
be associated with strong winds and heavy rainfall 
[2]. 
There are three classes of plant growth 
regulators [1]:  
 PGR which stimulate growth (auxins, 
gibberellins, cytokinins) 
 Growth inhibitors (abscisic acid) 
 Growth retardants (clormequat 
chloride, trinexapac-ethyl) 
For the winter wheat crop are used retardants. 
The term growth retardants, is used for all 
chemicals that retard cell elongation in shoot tissues 
and regulate plant height physiologically without 
formative effects [7]. 
 
2. Material and Method 
 
The experiments have been carried out at the 
Agricultural Research and Development Station 
Turda (46°35’ N latitude and 23°47’ E longitude, 
345-493 m altitude). 
The climate is temperate continental, with the 
annual average temperature about 8.6°C.   
Comparing multiannual average temperature values 
and the monthly  average during winter wheat 
vegetation period (October 2015 to July 2016), shows 
that in many months from this period the temperature 
was higher than the long term average,  except May 
(14.3°C) when the temperature was lower that the 
multiannual average (15°C). The highest deviation 
from multiannual average was register in February 
when temperature was higher (+4,6°C) than the 
average (-0.8°C).  
Rainfall during wheat vegetation period was 
different, occasionally excessive. The rainfall was 
high in October (45.4mm) but starting from 
November rainfall was under multiannual average, 
December was very droughty (with -20.6 mm 
deviation from multiannual average).  
After that, from January the rainfall are rising 
again above the multiannual average, March (+27.7 
mm), April (+23.3mm), May (+23.3 mm), June 
(+39.8mm) and July (+52.0 mm), which makes the 
year 2016 the wettest year from the past 60 years. 
Heavy rains fallen at the end of the winter wheat 
growing season increase the risk of cereal lodging. 
For this study were used eight winter wheat 
genotypes, four from SCDA Turda: Arieşan, 
Dumbrava, T.19-10, T.265-01, one from SCDA 
Suceava: Magistral, and three foreign genotypes 
Capo (Austria), Renan (France) and Bezostaia 
(Rusia). 
The wheat was sown in third trimester of 
October 2015 at a seeding density of 550 germinating 
seeds per m2.  
The experimental design consists in 
subdivided plots in a three factorial experimental 
system. The experimental factors are: 
a.PGR treatment (T): A - untreated with PGR 
(control) 
                                           B - treated with PGR 
     b.Nitrogen fertilization (F): F1 N50P50 (control) 
                          F2 N50P50+ N50 
                                                 F3 N50P50+ N100 
                                                 F4 N50P50+ N150 
 Genotype (G). 
Before sowing the wheat, nitrogen and 
phosphorus fertilizers were applied in every block at 
the following rates: 50 kg N ha-1 and 50 kg P ha-1. 
Beside the fertilization applied in autumn nitrogen 
fertilization was applied on crop at boot  stage 
(BBCH 40-49) at different rates for each block: 0 kg 
N ha-1 (F1- control), 50 kg N ha-1 (F2), 100 kg N ha-1 
(F3), 150 kg N ha-1 (F4).  
The PGR foliar treatment included trinexapac-
ethyl (0,4l/ha) sprayed over the foliage at second 
node visible stage (BBCH 32). 
At final stage of maturity the plant height was 
measured and grades were given for lodging 
resistance to every genotype. Ten plants treated with 
PGR and ten untreated with PGR from every 
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genotype were taken before harvest and the length 
and thickness of the internodes were measured. 
 
3.  Results and Discussions 
 
The analysis of variance demonstrated that 
wheat height was significantly influenced by PGR 
treatment, by the genotype and by the interaction 
between these two factors.  
Because the different rates of nitrogen 
fertilization was administrated at wheat boot stage, 
this factor had a small but statistically significant 
influence on height (Table 1).  
The plant height decreased after the PGR 
treatment. Comparing the plant height of the eight 
genotypes treated with PGR and the ones untreated 
(control) showed that all the genotypes had decreased 
plant height, but the difference was not the same for 
all cultivars.   
The higher difference was noted at Arieşan 
(12.5 cm), followed by Bezostaia (10.08 cm) and 
Capo (9.42 cm) (Table 2). 
 
 
Table 1.The analysis of variance for plant height of eight winter wheat genotypes in a three factors 
experimental system (Turda 2016) 
 
Source of variance Sum of 
squares (SS) 
Degrees of 
freedom 
(DF) 
Mean 
square (s2) 
F Test Significance 
PGR Treatment (T) 2745.188 1 2745.188 267.416 *** 
Nitrogen fertilization (F) 242.437 3 80.812 5.518 * 
Genotypes (G) 12326.560 7 1760.938 268.729 *** 
TxF 52.687 3 17.562 1.199  
TxG 451.895 7 64.556 9.852 *** 
FxG 211.145 21 10.054 1.534  
TxFxG 92.229 21 4.391 0.670  
Error (T) 20.531 2 10.265   
Error (F) 175.750 12 14.645   
Error (G) 733.916 112 6.552   
Total 17066.810 191    
 
 
 
Table 2.The influence of the interaction between treatment with PGR and genotype (TxG) on plant height 
 
Ctr. 
No. 
Genotype 
 Plant height  
(cm) 
Difference 
 
Significance 
 
1. Arieşan A 113.0 0.00 Control 
B 100.5 -12.50 000 
2. Dumbrava A 108.33 0.00 Control 
B 104.67 -3.67 0 
3. T 19-10 A 108.58 0.00 Control 
B 99.83 -8.75 00 
4. T 265-01 A 98.92 0.00 Control 
B 94.50 -4.42 00 
5. Josef A 105.0 0.00 Control 
B 97.08 -7.92 00 
6. Capo A 120.75 0.00 Control 
B 111.33 -9.42 000 
7. Magistral A 91.33 0.00 Control 
B 87.58 -3.75 0 
8. Bezostaia A 118.08 0.00 Control 
B 108.0 -10.08 000 
A- Untreated with PGR                                                      LSD (p 5%)                2.60 
B- Treated with PGR                                                          LSD (p 1%)                4.28 
                                                                       LSD (p 0.1%)             9.23 
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Lodging resistance ratings for winter wheat 
cultivars are frequently based upon observations of 
lodging (Table 3). 
Lodging is defined as the state of permanent 
displacement of the stem from their upright position. 
It is induced by external forces like wind, rain or hail. 
Lodging is often not distributed uniformly 
throughout an affected field but may be scattered 
over certain sections or spots [6].  
High applications of inorganic nitrogen 
fertilizer will produce tall, lush crops with weaker 
stem, therefor increasing the risk of lodging [2].  
As the nitrogen fertilization rates increase the 
risk of lodging increased too.  
Table 3 showed that at the higher rate of 
nitrogen applied (F4) all the genotypes had lodge 
more or less.  
The genotypes from this study have different 
height and stem strengths that increase or decrease 
lodging risk. Arieşan, Bezostaia and Dumbrava 
genotypes had a higher lodging risk which cannot be 
corrected even after the PGR treatment. T19-10, 
T265-01 and Magistral showed high lodging risk but 
the variants treated with PGR did not lodge.  
Josef and Capo genotypes showed a light 
bending but only when the amount of nitrogen 
fertilizer was higher (F4) and no PGR was 
administrated. 
 
Table 3.Observation of lodging risk scored on a 1-7 scale from Turda 2016   
 
Ctr. 
No. 
Genotype F1 F2 F3 F4 
A B A B A B A B 
1. Arieşan 6 3 7 4 7 4 7 4 
3. Dumbrava 2 1 4 2 5 2 5 3 
7. T.19-10 2  2  2  5  
9. T.265-01   4  5  5  
12. Josef       1  
14. Capo       1  
18. Magistral 1 1 2  2  2  
21. Bezostaia  6 4 7 5 7 5 7 5 
1 a light bending of the plants 
2-3 light lodging risk (20% from the field is affected by lodging) 
4-5 high lodging risk (40% from the field is affected by lodging) 
6-7 very high lodging risk (80% from the field is affected by lodging) 
 
  
The effect of PGR applications modifying plant 
growth and developmental processes include delaying 
the start of stem extension, reducing internode lengths 
and increasing stem wall thickness, all resulting in 
improved crop resistance to lodging [2].  From table 4 
we can see the effect of the PGR by reducing internode 
length, mostly the upper internodes showed higher 
differences from the untreated variant. Not all the 
genotypes had the same response to the PGR treatment, 
there are genotypes where all the internodes showed 
some reduction like Arieşan, T.19-10, Josef, Magistral 
but there are others where some internodes length were 
reduced some were not like Dumbrava, T.265-01, Capo 
and Bezostaia. 
 
 
 
Table 4.The influence of PGR treatment on internode length (Turda 2016) 
 
Ctr. 
No. 
Genotype 
 Internode length  (cm) 
L1 L2 L3 L4 L5 L6 
 
1. 
 
Arieşan 
A 3.07 10.8 12.1 17.95 21.3 46.2 
B 2.97 9.36 10.86 15.45 19.33 40.9 
Difference (cm) 0.10 1.44 1.24 2.50 1.97 5.30 
 
2. 
 
Dumbrava 
A 4.1 8.25 12 13.8 20.55 45.3 
B 3.7 9 11.5 14.2 20.41 39.2 
Difference (cm) 0.4 -0.75 0.5 -0.4 0.14 6.1 
 
3. 
 
T.19-10 
A 4.05 8.4 11.4 15.25 20.1 40.55 
B 4.04 8.3 10.17 13.75 18.4 37.64 
Difference (cm) 0.01 0.1 1.23 1.5 1.7 2.91 
 
4. 
 
T.265-01 
A 5.66 9.55 10.95 13.66 18.9 39.5 
B 5.85 8.95 10.2 13.05 18.4 32.95 
Difference (cm) -0.19 0.6 0.75 0.61 0.5 6.55 
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Table 4.The influence of PGR treatment on internode length (Turda 2016) - continued 
 
Ctr. 
No. 
Genotype 
 Internode length  (cm) 
L1 L2 L3 L4 L5 L6 
 
5. 
 
Josef 
A 3.44 7.25 11.7 14.45 20.9 42.85 
B 3.35 6.8 11.6 14 19.9 36.65 
Difference (cm) 0.09 0.45 0.1 0.45 1 6.2 
 
6. 
 
Capo 
A 3.67 9.49 13.95 19.4 27.55 43.9 
B 3.78 9.26 13.95 18.5 25.82 37.01 
Difference (cm) -0.11 0.23 0 0.9 1.73 6.89 
 
7. 
 
Magistral 
A 2.78 6.7 10.25 14 17.17 39.24 
B 2.38 6.2 9.36 13.45 16.51 35.7 
Difference (cm) 0.4 0.5 0.89 0.55 0.66 3.54 
 
8. 
 
Bezostaia  
A 3.31 10.1 14.35 19.9 25.68 46.16 
B 3.3 10.3 11.45 15.5 21.2 39.2 
Difference (cm) 0.01 -0.2 2.9 4.4 4.48 6.96 
A- without PGR treatment 
B- with PGR treatment 
 
The PGR treatment influenced also the 
internode thickness, mostly the plant base internodes 
are thicker after the PGR treatment. The upper 
internodes showed thicker internodes but the effect is 
not steady for all the genotypes from this study. At 
some genotypes like Dumbrava, T. 19-10 and Capo 
the upper internodes are thinner than the control 
variant (Table 5). 
 
Table 5.The influence of PGR treatment on internode thickness (Turda 2016) 
 
Ctr. 
No. 
Genotype 
 Internode thickness (mm) 
I1 I2 I3 I4 I5 I6 
 
1. 
 
Arieşan 
A 2.95 2.82 3.04 3.25 3.36 2.57 
B 3.08 3.40 3.62 3.86 3.71 2.71 
Difference (mm) 0.13 0.58 0.58 0.61 0.36 0.14 
 
2. 
 
Dumbrava 
A 3.23 4.05 4.53 4.65 4.70 3.46 
B 3.94 4.42 4.58 4.71 4.54 3.29 
Difference (mm) 0.71 0.37 0.04 0.06 -0.16 -0.18 
 
3. 
 
T.19-10 
A 3.24 3.55 3.86 3.85 3.49 2.87 
B 3.40 3.68 3.89 4.0 3.57 2.75 
Difference (mm) 0.16 0.14 0.02 0.15 0.08 -0.12 
 
4. 
 
T.265-01 
A 3.57 3.19 3.15 3.09 3.0 1.79 
B 3.90 3.45 3.23 2.93 3.08 1.91 
Difference (mm) 0.32 0.26 0.07 -0.16 0.09 0.12 
 
5. 
 
Josef 
A 2.99 3.47 3.83 3.82 3.50 2.28 
B 3.18 3.54 3.87 3.97 3.71 2.82 
Difference (mm) 0.19 0.07 0.04 0.16 0.21 0.00 
 
6. 
 
Capo 
A 2.90 3.33 3.78 3.77 3.26 2.53 
B 3.09 3.44 3.47 3.34 2.54 2.11 
Difference (mm) 0.19 0.11 -0.31 -0.43 -0.72 -0.42 
 
7. 
 
Magistral 
A 2.92 3.47 3.66 3.52 2.61 1.92 
B 3.32 3.82 4.04 3.98 3.59 2.34 
Difference (mm) 0.41 0.35 0.37 0.47 0.98 0.43 
 
8. 
 
Bezostaia  
A 2.73 2.93 3.25 3.18 2.31 1.93 
B 2.90 3.12 3.61 3.73 3.09 2.11 
Difference (mm) 0.17 0.20 0.36 0.55 0.78 0.18 
A- without PGR treatment 
B- with PGR treatment 
 
4. Conclusions 
 
High precipitation and nitrogen fertilization 
favor stem elongation and increase risk of lodging, as 
the nitrogen fertilization rates increase the risk of 
lodging increased too. 
Winter wheat height was significantly 
influenced by PGR treatment and by the genotype. 
Because the different rates of nitrogen fertilization 
was administrated at wheat boot stage, this factor had 
a small but statistically significant influence on plant 
height. 
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  The plant height decreased after the PGR 
treatment, but the decrease was not the same for all 
the cultivars from this study. 
Reduction in plant height as a consequence of 
PGR treatment is associated with the reduced 
elongation of internodes, the, uppermost internodes, 
in particular, are shortened. PGR effects include also 
the increase of stem wall thickness, mainly the 
internode from the base of the plant. 
All these effects of the PGR treatment on plant 
height, internode lenght and internode thickness 
improved the crop resistance to lodging. 
 
References 
 
[1] Gâdea Ş., 2009, Fiziologie vegetală, Ed. 
AcademicPres, Cluj-Napoca. 
 
[2] Griffin J.M., 1998, Understanding and assessing 
lodging risk in winter wheat, PhD thesis, University of 
Nottingham. 
 
[3] Muntean L.S., 1995, Mic tratat de fitotehnie- vol. I 
Cereale şi leguminoase pentru boabe, Ed. Ceres, 
Bucureşti. 
 
[4] Muntean L.S., S. Cernea, G. Morar, M.M. Duda, D. 
Vârban, S. Muntean, C. Moldovan, 2014, Fitotehnie, Ed. a 
III-a, Ed. Risoprint, Cluj-Napoca. 
 
[5] Rajala A., 2003, Plant growth regulators to manipulate 
cereal growth in northern growing conditions, Academic 
dissertation, University of Helsinki. 
 
 
[6] Rajkumara S., 2008, Lodging in cereals- a review, 
Agric. Rev. 29(1), 55-60 
 
 
[7] Salwa A.O., M.S. Sadak, 2007, Improvement of 
productivity and Quality of two wheat cultivars by foliar 
application of spermine and paclobutrazol, PGRSA 4,195-
203. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
”This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and 
source are credited.” 
323 
